Cross Calibration Between ADEOS/AVNIR and OCTS : Error Budget Analysis and The Results from the Field Campaign by ARAI, Kohei & 新井, 康平
Cro s sC al ibr atio n Betwe e nA D 丑OS/AV N I Rand O C T S
- Er r o rBl ldget An alysis a nd T he Re s ults fr o mthe F ield
Ca mpa lgn -
T he CEReS Inte rllatio nalSy m po 8itl m O nThe A tm o sphe ric Co r r e ctio n of Satellite D ata
a nd‾∫ts Ap plic atio nto Global En vir o n ment
Ja n ll a ry 2 1(W ed.)-2 3(恥i.), 1 9 9 8Eeyaki Ⅱd l, Chiba U niv e r sity
Se fLSio n 4 ; At m o sphe ric Co r r e ction o v e rh nd a nd Oc e a nN o ･4 - 4
K oheiA rai
Dept. of ln血 r n atio n Scie n c e, Saga U niv e r sity
a r ai@ i臥 B aga ･ n .a C.jp, 1 ‡Io l心o , Saga $ 4 0Japa n
A bstr a c上
A m ethod for the cia.r a cteriz atio 皿 Ofs tlrfa c e r eA cta n c efo r alo w 8Patialr es oltltio n ofi丑Stm m ent
data with a, high spatl alr es ollltio n of in stru m ent o nbo a rd teh B a n eplatfo r m of lo w r es olntio n of
in strll m ent fo rvic a rio llS Calibr a.lio nis propo s ed. An er ro rblldget a nalysisis m ade for the pr opo s ed
m etll Od. T he r esdt Sho w stha,t aJTOll 且d 5.25% ofvic a rio u s calibr a.lio n a c cllra.Cy C a.n be a chie v ed iftile
vic ariotLS Calibr atio n a c cllr a Cyis aJ r O ll nd 4A 2%.
Eeyw o rds:A tm o sphe ric code, A D EO S,A V NIR,O C T S, Vic arioll S Calibratio n, Field Ca mpaign, Si且e
distriblltio n of ae ro 8 01
,
Aer o s olty pe, Mie P has efn n ctio n
1 htrodu ction
Acc o rdingto the e rr o rbtldget a.nalysiBfo rthe vic a.riollS Calibratio n, o n e ofthe most dominant erro r
8 0 tlr C eiB the E X O Atm o sphericSola rI汀 adia n c efollo w ed by sll rfa c e r e且 cta 皿 Ce m e aB tlre m e nt8, OPti-
calthicknes s m e a 皿 r e m eZltS a nd estim atioll and s o o n. For the E XO Atm osphe ric Sola rlrr adia n c e,
B O m any r es e a r che rsm e a sllred a nd pres ented their m odel fo rthat. Iqllbal, Neckel and Labs, Ga o,
Flierich
,
S ha w a r e ex a mpelB While the B X O Atm osphe ric Sola.rIr radia n c eillthe L O W T R A N-7 a rid
h4 0 D T R A N-2 a zld 3a r e an other e x a.m ple8fo rthat. They show a n ot s o Sm all dis c repa n cy a m o ng
the m . Fo rin sta n ce, Ga o and M O D T R A N-3.7 sho w s a rr O u nd 5%in 皿 a Xim u m of diffe r e n c ebetw e en
both in the visible regioll While m o retha n20%in maRim ll m Of diffbrezI Cein the sho rtw a v eh fra red
r eglO n. h tile Sllrfa ce re丑e cta n c e m e aASnre 皿 e ntB, the re a r e s o 皿 any e rr o rfa.ctor 8 S u ch a sstability of
thein Btru 皿 e ntB
,
n O n-La mbe rtia n S u rfa c e efEbct
, calibr atio n a cc u r a cy ofthegrol nd m eaBtlrlngin stru -
m e nts
,
te mpe r attlredeperLde n cy ofthein strll m entち a Zld 8 0 0 n. T he m o stdi瓜ctllt tllingin the optic al
thickne ss e stim atio ni8 S ele ctio n of a e ro s olty pe, siz edi8tri btLtion , etc. h o rderto e stim ate tho s e,
w e used to u s ectlrVe 丘ttillg betw ee nopticalthickne BS n e a 8tlre m e ntdata aJld m odel de riv ed optical
thickn es s. Ifw etlliTLk o nly the afor e m e ntio n ed thre e er ro r 80 11rC eS Of 2.5%, 2.5% a nd 2%, the nthe
Ro otSu m Sqll ar e err o ri$ 4.062%.
T hi6 pa.perdes cri be sthe pr opo s ed m ethod fo r char a.cteriz a,tio ll a nd estim atio n ofthe stlrfa.c e r e-
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且ect乱nCefor the ar e a co r re spo nding to o n epix el ofthelo w r e6 0lutio I1 0fin stru m ent With sin ulta n-
u o tLSly obs er v ed high6patialres olutiorL Of in stru m e ntdata･ Er ro rblldget a rLalysi8 Will be follo w ed
begin ning with er ror blldget a nalysis ofthe vica uio llS Cal ibr atio n forhigh8Pa.tia･1
'
r esollltion ofinBtr11-
m e nt8follo w ed
l
by sa m pling e ror(inclllding mis- registratio n)alld the diqer en c e ofspe ctralre8pO n B eS
t)etw e en the tw oin 8tr11 m erLtS(higha nd lo w spa･tiaユr es ol11tio TL Ofin strtL甲 elltS)in ter m s of Atm o sphric
in壬he n c es a nd spe ctrals u rfa c e r e且 cta n ceB,
2
■
T Il e Pr opo sed Me 地 od
ln partic-1lar, itis s u spe cted that alarge err o rin the sllrfa c ere丑e cta･ll C e m e aAStL r e m e rLtSfo r alo w
8Patialr es oltltio n ofirLBtrn m e nt S u ch a sA V ⅡRR† M O DISa･B W ellaBO C TS be c atlS eit ta･ke8 alo ng
tim eto m e a 畠tLr eth sll rfa £e r e且e ct an c e a nd B R D Ffor the ar e a s c o rr espo ndingto the o n epix el of
tllelo w res ollltio n ofin stru m e nts, 700m x 70 m for O C T Sa 且d 1,000m x 1,000m for M O DIS.
T hi8imply that m o retha n 2.5% of e rr o ris c all S ed bythe ehaJ a Cteriz atio n a nd es.tim atio n ofthe
s u rfa c e r e且 ct an c e. h o rde rto redllC ethe err o r, the follo wiTLg m ethod i8 Pr OpO S ed･ hste ad of m aking
m e astlre m e ntSfo r 611rfa c e re且ecta n c eforthe wide a r e a.a, Chan a cte riz atio n a nd estim atio n ofthe s u rfa ce
reBe cta nce witll Sim 11ta nllO llSly obs e rv ed highspatialr es olutio n ofi孔Stn l mentdata a ndthe m e as u red
BtLrfa c e r e且 cta 皿 Cefo rthe a,r e a 点 C O r r e SpO ndingto the o n epi耳d ofalo w re s olutio n of in stru m e ntis
c a-Fable. T he err o rfa cto rsin the propo s ed m ethod a re
● Vic a riolSCalibr atio nfo rthellighspa.tialr eB Oltltio n ofthein Btm m e nt
･ Sa mpling ero r and r egi8tra.tiollerr o rbetw e e nhigha nd lo w BPatialr espl廿tio n ofi皿Btm m e ntS
｡ Di飽r e nt atm o sphericin加 e n ces a nd spe ctralr e且ecta n c esbetw ee 丑both in Btrl - eZltS C a us ed by
tll ediqe re nt BPe C七ralr cspo n 8 e 畠.
3 Er r o rB udget A n alysis
3.1 Vicarious Calibr ation ac curacyfo rthe high8Patialr e s olutio n of in st ru ment
3.1.1 V ic ario t18Calibr atio n
T he m ethodsfo r avic ario u 6 Calibr atio n so calledthe r adiadl Ceba s ed, the r e且e cta n cebased andthe
im pro v ed r eAe cta,rLC ebas ed m ethods w er epr opo sed by Be Ver山in slitute s
l
)
2
I
3
I
Ess entiallythe re且e cta n ce a nd theimpro v ed r e鮎 cta n c ebas ed m ethods llB eSu rLPhoto 皿 ete rdata de
-
riv ed opticalthicknes8 0f the atm o spher e andthe B RD Fa ndthe spectralre且ecta nce ofthe s u rfa ce
ofinterest aB W ellaB a n atm o spheric c odein cluding a Radia･tiv eTr allSferCode, RT CI Based on the
BRDF and the spectralre且ectan c e adlthe opticalthicknes 8Ofthe atm osphe re, the r adia n ce am he
top ofthe atm o sphe re s o called T o Åradia n c ei6 estim ated withthe atm o spheric code1 0n the other
haJld, the radia n c eba s ed m ethod u s esairc raftdata . T he diqere n c ebetw e e nthe e stim ated radia n c e
atthe ce rtain altitlde(the air cr afL altitude)withthe B R D F, the spectralr eae ctふc e a ndthe optical
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thickness a nd the m e as.1r ed radian c e(the aircraft da.ta)is c o mpensated illthe T o År adia n ce esti･
n atio n. A s e n 8itivity analysis was C O nducted aJld repo rted for the a e ro B QI co mplex z
･
efra ctiv einde x
,
the a er o s olsis:edi8tri btltio n and s o on . M ea nwhile Anre ole m eterglV eSthe pha sefunttio n with s o m e
err o r･ In the calctllatio n of m ultiple s c atteringdu eto ae ro s olpa rticle s withthe do tlbling m ethod,
B O m e ap pr O Xim atiorLSfo rM ie phas eftL=lCtio n a･r e r equired
4
)
5
･
h this pape r,the s e n sitivit e 8 0fthe atm o spheric pa r am et rs a ndtll ege o m etric r elatio n ship a m ongthe
gro -ュnd co v er target, the s un a ndthe s atelLte a revalu ated with 丑eld c ampaign da･ta for the vicariotlS
calibr atio n of A D E OS/AVNIR(on e ofthe e x ample s 0f highspatial fesollltion ofin 畠tr u m n etS)I
3･1･2 Er r o rBtLdget A n aly8is for the V ic 8.rio ll SC alibr atio n
Table 1 sho w sthe r es ultsfr o mthe err o rblldget analy8is fortllevicario tlS Calibr atio n･
TzLble l Er ro rbu dgetfo rthe vic a rio tlS Cal ibr atio nfo rA D EO S/AVN IR
Err o rSo llrC e Erro rin % Re m a rks
Optic ai T hickness M e a点tlr e m ent 1
Cu r v eFitting forSiz eI)i8tribtltio n
a nd Refractio nhde xEstim atio n
2
StLrfa ceRefle ct an c eMe a s u r e m e nt 2 Fo rbot.htheSta ndard Pa n el and
in cl11dingB R D F Me a 弧 r e m ent a nd Co rr e ctio n the s u rfa c e ofte st 8itc
E X O Atm o sphe ricSola rlrr adian c e 2.5
MisI Registr atio n 1
Ac c u r a.cy of Radia.tiv eTr a n 8fe rCode 1
Ro otSll mSqtla r eErr o r 4.15%
3. 1.3 The fieldc a mp&ign for t he vic & rio u s c alibr &tio I10f AI)EO S/A V N I R
A VNIR isthe highBpa,tialr esollltio II Of vis ble to n e a rinfr a redillStru ment O nbo a rd A D E O SB atel-
htefo r m tlli-pu rpo s emissio nirLdtlding agrlCultn raland fo restin v e nto ry,la nd t18 e, digitalele v atio n
m odel a nd so on ･ The s atellite w a slallrLChed ill AngtlSt 19 6a nd w astermiIl ated in J un e1997dll etO
n ll funtio n ofthe s olo rp an el.
0皿e Ofthe po stlatLn Ch calibr atio n a ctivitesis the 丘eldc aJnPa lgn for tlle Vic ariou s c alibra･tion of
the A V N IRand w a s c o ndtl Ctedthre etim es
,
at the Calfo rnia offsho r eiIINo v e mbe r1996
,
at theR.oge rs
DryLake a nd lv anpah Playain Febllr a ry and Ma rch1997a ndthe C alfo mia offsho r ein M ay1997. IrL
t王1e五d dc a mpalgn atlv a npah Playa, o n Ma r ch4 1997, o llrte am m e a Sllr ed s olo rirr a-dia n ce with otlr
StLnPhoto m eter(5 cha n n els), skylight withthe Anr eole m eter, sll rfa.ce r eAect an ce, S u rfa c eB R D FaB
w ella s Sta nda rdpa n elof Labsplle r eSpe ctralo n. W eather c o nditio n w a s IIOt S go odbe t a.u se tw o days
befo r ethatday, w ehad the rainfall8 0thatthe atm o spheric conditio nis not stable a nd the sllrfa ce
w asgettingdrygr a血 al1y. T her efor eIto okthe m odefied La ngley Plot othertha nLa ngley Plot1 0D
theda.y for vic a rio t16 Calibr atio n, M a rch4 1997, w ehad a dry atm osphe r e.
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Table 2 Co nditio n s 0 nthe 五eldc a mpaign for vic a rio llS C alib& rtio n ofAVN I R in M a r ch
19 97
Date IJO C atio n Sll n rise Ov erpa sstim e Solo rNo o n PointingAngle
1997/3/4 Iv a npah Playa 6:07 10:49:59 ll:5 2 3.6
Stlrfa c ePre ssllre Ell midity Te mp. Solo rA2i. Solo rZe nith
930(rub) 48(渇) 284(E) 156.8 45.0
Fig.1 to 6 8ho w the lo c atio n of tlleteSt Site, 1v a npal1 Pla･ya, Ne v ada･ U S A, the B 屯rfa c e r e且 ctan c e,
Opt■icaltllicknes sdu eto m ole cllhr, a e r o s ol a ndtotal, a nd T o År adiaJIC e n orm aliz ed by SolariT-
r adia皿e e rpO Vided by MOD T R A N-317, 6 0 Called No - ahz ed T o År adia n ce, r e 8Pe Ctiv ely･ TllrOugh a
co mpariso nbetw e e nthe calct11a七ed ToÅ radianc e(45･25, 5 2･63,69･64, 110･02(”/m 2sru m)fo rA V N IR
ba血d1 to 4)a ndthe co n v ert d A V N IRr adia n c efro mA V NIR Digital Co tl nt V al.1e(43.25,5i.oo,68.l l,
104.1与(”/m
2
s , u m)fo rA V N IRba nd1 to 4),ther e w e re- 4.5, -3.1, - 2.2, - 5.6(%)of diqere n c esbetw e e n
the
l
m .
3.2 Ch ar a (:teri2;ation a nd Estim atio n of Sll rfac e R e8e cta n c e
The n ext thing w ell a V etO dois to registerthehigh8pa.ti alr es ohtio n ofinstrum e ntdata o nto the
lo w spa.ti alr es ohtio n of in stru m entdata. T hro ugha vi811alm atchingbetw e ellthe tw oim agerydata
o nthe display,tw oin str u m e ntdata. a.r e r egister ed with ajew loth ofpix el oferr o r･
3.3 DiLfe r e n c e of Spe ctr al R e BpO n S e 8B etw e en T w o h st ru m ents
Fig･7 and 8Sho wthe BPe Ctralr espo 皿S eS Of A V NIRa nd O C T S, re 8Pe Ctivdy. Both a re?v erhp ped
8 0that itis po ssible to ge n er ate AV NIRspe ctralr espo n s e with O C T SBPeCtralr e8PO n B ethrollgh
w eightedlinea rc om bin a.lio n ofO CTS 8PeCtr alr espo n s e. tT8ing M O D T R AN- 3･7, the w eightsfo rthe
血 e a f co mbin atio n a r e cal llated a nd a re27.7
,
39.8 a nd3 2.5 for O CT S ba nd 1, 2 azld 3, respe ctivdy
forthegeIle ratio n of A V NIR ba血d1 a nda r e56･8 a nd43･2for O CTSl}a nd4 and 5 forthege n er atio n of
AV NIR band2･ Fig･9 andlO 血o wthe relation 811ipbetw ee nthege n er atedA VNIR ba nd 1 fro mO C T S
ba nd1) ヨ and 3a ndthe g_
e n er ated A V NIR band 2 fro m OC TS band4 a nd 5, r espectivdy･ Fig･11' 12
and13 sho w the original AYNIR im age(fals9 C Olir ed), the Simulated O C T Sba ndl＋2＋3 im agefr o m
AVNIR by a ve raging O v er4 4by4 4pix els a ndthe real O C TS baJLd l＋2＋3 im age Oflv a nl)allPlayairL
Ne v ada･
, tJ･S･ A･ on Ma r ch4 1997･ tTsingthes eO C T S ba ndl＋2＋3 a nd O C T S ba nd 4＋5 datafr o m
AV NIR data a s w eu a s a virtualcente r w a.vde ngth of O C T S ba nd l＋2＋3 a･nd balld4＋5, w e c an
estim ate OC TSband1to 5fr o m A V NIR data. T hen w e c an c o ndll Ct Vic a.riollS Calibr atio nlof O C T S
l181ngthe calibr a.ted A V NIR.
3･4 Calibr atio n A c c u r acyfo rt he Pr opo s ed M ethod
TakingRo otSn mSqu a r eforthe afor e m entio rLed fa cto rsI W e C O rL Chldedthatthe calibratio rL a c c u r a cy
ofthe pr opo sed m ethod is a rr ollnd 5.02%(VicariotLBC alibr a･tioTL Ac c u r a cy of4･15%,C har a cteri宅atiorL
a nd Estim a.tio n of Sll rfa ceReflecta n c elnchlding MiB- Registr atio n of2% a nd Differ e n c e of Spe ctral
Re8pO n SeB(Atm o splle ric h Atle n Ce 8 a nd Spectral Re丑e cta n c e)of 2%)I
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4 Co ncl11ding Re m arks
T hr otlghthefi d dc ampaigzt, the T adiallC efr o mA DEO S/AVNIR w a s c o m且r med with so m edis crep･
a JL Cy within ＋/一5･5(%)喝ain 8t-the vic ario u s calibratio n data･ Ac c o rding.
to the r e且e cta n c cbas ed
m ethod, aro llnd 5(%)i8 the m o st po 88ible a c c u r acy 8 0that ＋/- 5･5(%)diqer e n c eis riot 8 0large .
T hr otlghthe 8e n Sitivity a nalysis,iti8 C O血 m ed that the m o st 8igni鮎 a nu a･ctor o nthe ToÅ calctl-
1由io llin the vic a Jiot u c aBbr a･tio ni白 the im age n aJy Pa rt Ofthe c o mple x r efr activ einde x of a e ro s ol
Lono w ed by plla B efurLCtio n 8 0七h&t the a c c屯ra.Cy Of Anre olem eteriB V ery J mpO rta nt･ Itis als ofoll nt
tha.t the calibr a,tio n a cctlr C ay Ofthe propo 5 ed 皿 ethod i8 a rrO n nd 5･02%･
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